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( 57 ) ABSTRACT 
A method and system for forecasting a histogram in a 
database system is provided . The method includes deter 
mining that database table statistics and historical statistical 
histograms associated with specified subject matter have 
been previously retrieved . The database table statistics and 
historical statistical histograms are retrieved and determined 
to be frequency based histograms . Historical target values 
associated with the historical statistical histograms are iden 
tified and new target values associated with the historical 
target values are identified . A value identifying a number of 
occurrences for identified target values comprising the new 
target values and the historical target values is forecast and 
database table histograms comprising the identified target 
values are stored . 
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DATABASE STATISTICAL HISTOGRAM historical histogram database , the plurality of database table 
FORECASTING statistics and the historical statistical histograms associated 

with the specified subject matter ; determining , by the com 
FIELD puter processor , that the historical statistical histograms 

5 comprise height balanced based histograms ; identifying , by 
The present invention relates generally to a method for the computer processor , historical endpoint values associ 

forecasting histograms and in particular to a method and ated with the historical statistical histograms ; normalizing , 
associated system for forecasting histograms based on data by the computer processor , differing bins of the historical 
base table statistics and historical statistical histograms statistical histograms to a common number of bins ; fore 
associated with specified subject matter has been previously 10 casting , by the computer processor based on the historical 
retrieved . endpoint values , future endpoint values associated with each 

bin of the common number of bins ; forecasting , by the 
BACKGROUND computer processor , a value identifying a number of occur 

rences of the future endpoint values within each the bin ; and 
Current ( driving direction ) algorithms may include a 15 storing , by the computer processor within the database 

previously gathered artifact ( e . g . , street ' s speed limit , traffic system , database table histograms comprising the future 
lights , latitude and longitude coordinates , and additionally endpoint values . 
elusive information ) in order to determine an outcome ( e . g . , A third aspect of the invention provides a database system 
a best direction ) . A standard structured query language comprising a computer processor coupled to a computer 
( SQL ) process may enable a similar decision tree in which 20 readable memory unit , the memory unit comprising instruc 
statistics comprise a prominent role to formulate an optimal tions that when executed by the computer processor imple 
database access path or execution plan . ments a histogram forecasting method comprising : 

Standard database statistical histograms provide vital determining , by the computer processor , that a plurality of 
information to a SQL optimizer in a relational database database table statistics and historical statistical histograms 
management system ( RDBMS ) . In order to gather statistical 25 associated with specified subject matter have been previ 
metadata , a partial table partition scan is necessary , thereby ously retrieved ; retrieving , by the computer processor from 
consuming time and hardware resources . a historical statistical histogram database , the plurality of 

In extract , transform , and load ( ETL ) systems , gathering database table statistics and the historical statistical histo 
statistics may be time consuming such that after loading a grams associated with the specified subject matter ; deter 
large table partition it may be necessary to gather the 30 mining , by the computer processor , that the historical sta 
statistics to provide guidance to an optimizer which may tistical histograms comprise frequency based histograms ; 
take hours to complete . For example , an optimal query identifying , by the computer processor , historical target 
might be run after the completion of a gathering statistics values associated with the historical statistical histograms ; 
step which has taken place after a load partitioning step in forecasting , by the computer processor , new target values 
a serialized manner . 35 associated with the historical target values ; forecasting , by 

Accordingly , there exists a need in the art to overcome at the computer processor , a value identifying a number of 
least some of the deficiencies and limitations described occurrences for identified target values comprising the new 
herein above . target values and the historical target values ; and storing , by 

the computer processor within the database system , database 
SUMMARY 40 table histograms comprising the identified target values . 

A fourth aspect of the invention provides a computer 
A first aspect of the invention provides a histogram program product , comprising a computer readable hardware 

forecasting method comprising : determining , by a computer storage device storing a computer readable program code , 
processor of a database system , that a plurality of database the computer readable program code comprising an algo 
table statistics and historical statistical histograms associ - 45 rithm that when executed by a computer processor of a 
ated with specified subject matter have been previously database system server implements a histogram forecasting 
retrieved ; retrieving , by the computer processor from a method , the method comprising : determining , by the com 
historical statistical histogram database , the plurality of puter processor , that a plurality of database table statistics 
database table statistics and the historical statistical histo and historical statistical histograms associated with specified 
grams associated with the specified subject matter ; deter - 50 subject matter have been previously retrieved ; retrieving , by 
mining , by the computer processor , that the historical sta - the computer processor from a historical statistical histo 
tistical histograms comprise frequency based histograms ; gram database , the plurality of database table statistics and 
identifying , by the computer processor , historical target the historical statistical histograms associated with the speci 
values associated with the historical statistical histograms ; fied subject matter ; determining , by the computer processor , 
forecasting , by the computer processor , new target values 55 that the historical statistical histograms comprise frequency 
associated with the historical target values ; forecasting , by based histograms ; identifying , by the computer processor , 
the computer processor , a value identifying a number of historical target values associated with the historical statis 
occurrences for identified target values comprising the new tical histograms ; forecasting , by the computer processor , 
target values and the historical target values ; and storing , by new target values associated with the historical target values ; 
the computer processor within the database system , database 60 forecasting , by the computer processor , a value identifying 
table histograms comprising the identified target values . a number of occurrences for identified target values com 

A second aspect of the invention provides a histogram prising the new target values and the historical target values ; 
forecasting method comprising : determining , by a computer and storing , by the computer processor within the database 
processor of a database system , that a plurality of database system , database table histograms comprising the identified 
table statistics and historical statistical histograms associ - 65 target values . 
ated with specified subject matter have been previously fifth aspect of the invention provides a computer 
retrieved ; retrieving , by the computer processor from a program product , comprising a computer readable hardware 



US 9 , 798 , 775 B2 

an 

storage device storing a computer readable program code , ter that has been previously retrieved , in accordance with 
the computer readable program code comprising an algo - embodiments of the present invention . 
rithm that when executed by a computer processor of a 
database system server implements a histogram forecasting DETAILED DESCRIPTION 
method , the method comprising : determining , by the com - 5 
puter processor , that a plurality of database table statistics FIG . 1 illustrates a system 100 for serially gathering 
and historical statistical histograms associated with specified statistics and running a query , in accordance with embodi 
subject matter have been previously retrieved ; retrieving , by ments of the present invention . System 100 enables a 
the computer processor from a historical histogram data methodology for running a query such as an optimal query . 

base , the plurality of database table statistics and the his 10 System 100 allows a database partition to be loaded with 
data by , inter alia , ETL processes . Thereafter , a partial or full torical statistical histograms associated with the specified table partition scan is run to gather statistics associated with subject matter ; determining , by the computer processor , that the database table partition . The statistics may be referred to the historical statistical histograms comprise height bal 

anced based histograms ; identifying , by the computer pro - 15 with respect to driving directions ) consumes considerable 
a metadata . As described , supra , gathering statistics ( e . g . , 

cessor , historical endpoint values associated with the his time and hardware resources . For example , with respect to 
torical statistical histograms ; normalizing , by the computer a large table partition , gathering statistics may take an hour 
processor , differing bins of the historical statistical histo or more to complete . Once the statistics have been gathered , 
grams to a common number of bins ; forecasting , by the an optimal query may be run by the query optimizer such as 
computer processor based on the historical endpoint values , 20 an SQL optimizer . 
future endpoint values associated with each bin of the FIG . 2 illustrates a system 100 for loading a table partition 
common number of bins ; forecasting , by the computer with data from ETL processes , in accordance with embodi 
processor , a value identifying a number of occurrences of the ments of the present invention . Table partition statistics are 
future endpoint values within each the bin ; and storing , by forecast ( or predicted ) using a data mining algorithm based 
the computer processor within the database system , database 25 upon previously gathered table partition statistics . For 
table histograms comprising the future endpoint values . example , with respect to range partitioned tables by date , 

The present invention advantageously provides a simple previously gathered table partition statistics may be associ 
method and associated system capable of forecasting histo ated with one or more table partitions for earlier dates . By 
grams based on database table statistics and historical sta using previously gathered statistics and a data mining algo 
tistical histograms . 30 rithm , patterns in the statistics may be recognized and used 

to forecast future statistics . The forecasting of table partition 
BRIEF DESCRIPTION OF THE DRAWINGS statistics ( enabled by system 200 ) may only take a few 

seconds to complete compared to an hour or more necessary 
FIG . 1 illustrates a system for serially gathering statistics for a full or partial table scan . When the forecasting of table 

and running a query , in accordance with embodiments of the 35 partition statistics is complete , the optimal query may be run 
present invention . using the query optimizer . The forecasting of table partition 

FIG . 2 illustrates a system for loading a table partition statistics may be performed before , during , or after a data 
with data from ETL processes , in accordance with embodi - load of the partition but before the optimal query is run . 
ments of the present invention . Similarly , the optimal query may also be run before , during , 

FIG . 3 illustrates a system for postponing a statistical 40 or after the data load of the partition , but after the forecasting 
gathering process , in accordance with embodiments of the of table partition statistics , since table partition statistics are 
present invention . forecast and not gathered . 

FIG . 4A illustrates a system for forecasting histograms The term “ statistics ” ( or " metadata ” ) is defined herein as 
based on database table statistics and historical statistical obtained information associated with the table partition . 
histograms associated with specified subject matter that has 45 Additionally , statistics refer to allocated storage space for 
been previously retrieved , in accordance with embodiments the table partition . 
of the present invention . In a typical statistical gathering process , it may be nec 

FIG . 4B illustrates a range partitioned table versus allo - essary to gather statistics to provide guidance to an opti 
cated storage space in megabytes , in accordance with mizer typically comprising a very time consuming process . 
embodiments of the present invention . 50 System 200 enables a process and database system for 

FIG . 4C illustrates a section of the table of FIG . 4B , in forecasting database statistical histograms based on previ 
accordance with embodiments of the present invention . ously gathered statistics . Additionally , the aforementioned 

FIG . 5 illustrates an implementation example describing forecasting process may be used within a same table based 
a method for forecasting frequency based histograms , in on historical statistics or partitioned tables by date based on 
accordance with embodiments of the present invention . 55 previous table partitions statistics . Likewise , system 200 
FIGS . 6 - 8 illustrate an implementation example describ - enables a process for forecasting a table column statistical 

ing a method for forecasting height balanced histograms , in histogram using data mining techniques based on previously 
accordance with embodiments of the present invention . gathered statistical histograms thereby saving time and 

FIG . 9 illustrates a flowchart detailing a process enabled hardware resources . Additionally ( after loading a large table 
by the system of FIG . 4 for forecasting histograms based on 60 partition ) , typical systems gather statistic to provide guid 
database table statistics and historical statistical histograms ance to an optimizer otherwise queries may not run opti 
associated with specified subject matter that has been pre - mally . System 200 allows an optimal query to be run even 
viously retrieved , in accordance with embodiments of the during a data load partition process because a support vector 
present invention . machine ( SVM ) statistics prediction process has already 

FIG . 10 illustrates a computer system for forecasting 65 estimated statistics . 
histograms based on database table statistics and historical FIG . 3 illustrates a system 300 for postponing a statistical 
statistical histograms associated with specified subject mat - gathering process , in accordance with embodiments of the 
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present invention . System 300 comprises a component 302 Miner software ( Oracle Corporation ) . Other data mining 
for gathering statistics . External factors ( e . g . , the economy , software may also be used such as the IBM SPSS Statistics 
natural disasters , etc . ) may dramatically influence business from IBM Corporation . The following parameters were used 
directions and eventually the load of systems and associated in the SVM algorithm : Gaussian kernel function , standard 
table partitions . Accordingly , it would be unwise to forecast 5 deviation 0 . 508197 , complexity factor 0 . 510547 , epsilon 
table partition statistics indefinitely . Therefore , system 300 0 . 022535 and convergence tolerance 0 . 001 . Section 429 is 
enables a process for occasionally running a partial or full again zoomed in to show the predicted allocated storage 
table partition scan to provide a more accurate feedback to space for table partitions not yet loaded . Again , it is forecast a data mining algorithm . The partial or full table partition that the storage allocation for table partitions not yet loaded scan may be run at a convenient time such as when the 10 U will be between 35 , 000 and 45 , 000 megabytes . database may be offline for maintenance or when demand FIG . 5 illustrates an implementation example describing 
for the database is low . In any case , the partial or full table a method for forecasting frequency based histograms 500 , in scan is not necessary for the running of the optimal query . accordance with embodiments of the present invention . In FIG . 4A illustrates a system 400 for forecasting histo order to forecast frequency histograms the following attri grams based on database table statistics and historical sta - 15 13 butes are retrieved : tistical histograms associated with specified subject matter 1 . A minimum and maximum target value range such that all that has been previously retrieved , in accordance with possible target values are merged and each target value embodiments of the present invention . System 400 enables reveals one dimension . a database query optimization process using clustering data 2 . A different number of possible target values such that new mining . System 400 includes a computer system 402 run - 20 target values crossing a lower and upper boundaries trend ning a database query optimizer 404 ( e . g . , SQL optimizer ) are identified and revealed by analyzing a delta trend via and a regression data mining tool 406 ( e . g . , implementing an an SVM algorithm . SVM algorithm ) . Computer system 402 receives scanned 3 . Within a target value trend , each dimension has its own data from a database table 408 . Regression data mining tool trend using an SVM algorithm . An SVM algorithm is 406 receives parameters 410 to specify a data mining 25 defined herein as a learning algorithm that analyzes data technique . Database query optimizer 404 generates an opti and recognizes patterns used for classification and regres 
mal query plan 416 . sion analysis . Given a set of training examples , each In order to generate an estimate column histogram system marked as belonging to one of two categories , an SVM 400 enables a process for recognizing and normalizing a algorithm builds a model that assigns new examples into trend or a pattern within historical histograms for the fol - 30 one category or the other , making it a non - probabilistic lowing attributes : binary linear classifier . 1 . A minimum and maximum target value range configured Frequency histograms 500 comprise a January frequency 

to slide throughout an x axis across time is identified . histogram 500a , a February frequency histogram 500b , a 
2 . A differing number of possible target values comprising a March frequency histogram 500c , and a ( future predicted ) 

rate of new target values crossing lower and upper bound - 35 April frequency histogram 500d generated based on based aries are identified to provide a an accurate prediction . on a person column comprising a first name . An x axis ( for The differing number of possible target values is defined each of frequency histograms 500 ) presents all the target 
herein as a delta dimension trend . values . Likewise , a y axis ( for each of frequency histograms 

3 . An inner target value trend across time and defined herein 500 ) presents a row count for an associated target value . For as a target value dimension trend . 40 a specific target value “ Daniel ” , a trend of increasing row System 400 enables a method for forecasting frequency count across time is identified . For a specific target value histograms or height balanced histograms . A frequency “ Mary ” a trend decreasing across time is identified . Addi histogram is defined herein as a histogram that includes tionally , frequency histograms 500 identify that the upper every target value ( or equi - width range of target values ) bin bound has been raised across time and the new target value comprising an associated row count . A height balanced 45 predicted by an SVM . Every dimension may be isolated and histogram is defined herein as a histogram that includes predicted by an SVM algorithm and eventually a histogram 
every a range of target value bins comprising a same ( or prediction for April is formulated . Data representation asso approximately equi - depth of bin ) split row count . ciated with January , February , and March is described as FIG . 4B illustrates a range partitioned table 427 by date follows : from 2007 May 11 until 2009 Jun . 14 versus allocated 50 
storage space in megabytes , in accordance with embodi 
ments of the present invention . The statistics gathered are for ENDPOINT _ MONTH ENDPOINT _ VALUE ENDPOINT _ COUNT 
allocated space in storage for the data in the table . 

FIG . 4C illustrates section 429 of FIG . 4B , in accordance Daniel 
John with embodiments of the present invention . Section 429 55 Mary 

illustrates a next partition to have data loaded ( 2009 Jun . 18 ) . Daniel 
The next partition may allocate a space of about 35000 to John 
45000 megabytes . A data mining algorithm is now applied 

Michael to the statistics shown in FIG . 4B . The data mining algo Daniel 
rithm may be selected from those data mining algorithms 60 John 
known to those skilled in the art . Two such data mining Mary 
algorithms may be the Autoregressive Moving Average Michael 

( ARIMA ) and Support Vector Machine ( SVM ) algorithms , Richard 
with the SVM algorithm being more preferred for the 
exemplary embodiments . FIG . 4C illustrates results of the 65 Transforming strings into numerical ( ASCII ) hexadeci 
predicted allocated storage space overlaying the actual allo - mal format using a first three characters is described as 
cated storage . The results were produced using Oracle Data follows : 

Mary 
?? ?? ?? ?? ?? ??? ??? ??? ??? ??? ??? NAWWANNNWNA 
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ENDPOINT _ MONTH SUB E NDPOINT _ VALUE ENDPOINT _ COUNT 

?? ?? ?? MMMM ?? ?? ?? ?? ?? 

Dan 
Joh 
Mar 
Dan 
Joh 
Mar 
Mic 
Dan 
Joh 
Mar 
Mic 
Ric 

44 61 6E 
4A 6F 68 
4D 61 72 
44 61 6E 
4A 6F 68 
4D 61 72 
4D 69 63 
44 61 6E 
4A 6F 68 
4D 61 72 
4D 69 63 
52 69 63 

NAWWANNNWNA 
15 

WNE 

A linear prediction algorithm for a “ Daniel ” dimension is Height balanced histograms 600 comprise a January fre 
described as follows : quency histogram 600a , a February frequency histogram 

600b , and a March frequency histogram 600c generated 
based on based on a person column associated with “ Hours 

ENDPOINT _ MONTH ENDPOINT _ MONTH ENDPOINT _ VALUE ENDPOINT _ COUNT ENDPOINT _ VALUE ENDPOINT _ COUNT 20 spent on meetings ” . 
Daniel For January all 4 bins are equi - depth to a 300 row count 
Daniel ( i . e . , 300 people per bin ) and therefore 4 bins multiplied by 
Daniel a 300 row count equals 1200 total people as follows : Daniel 1 . Bin 601a = 300 people spent 11 - 14 hours on meetings . 

25 2 . Bin 6016 = 300 people spent 15 hours on meetings . 
Based on the previous linear prediction algorithm , a next 3 . Bin 601c = 300 people spent 16 hours on meetings . 

endpoint _ count for a “ Daniel ” dimension is 4 may be 4 . Bin 601d = 300 people spent 17 - 20 hours on meetings . predicted using the following arguments : For February all 5 bins are equi - depth to 280 row count A “ Delta ” dimension comprises : ( i . e . , 280 people per bin ) and therefore 5 bins multiplied by 
30 a 280 row count equals 1400 total people as follows : 

1 . Bin 602a = 280 people spent 13 - 16 . 79 hours on meetings . ENDPOINT _ MONTH ENDPOINT _ VALUE ENDPOINT _ COUNT 2 . Bin 602b = 280 people spent 16 . 80 - 17 . 59 hours on meet 
Michael ings . 
Richard 3 . Bin 602c = 280 people spent 17 . 60 - 18 . 39 hours on meet ? ? 35 ings . 

4 . Bin 602d = 280 people spent 18 . 40 - 19 . 19 hours on meet 
A transformed “ Delta ” dimension comprises : ings . 

ENDPOINT _ MONTH ENDPOINT _ VALUE _ DELTA ENDPOINT _ COUNT 
2 Mic ( 4D6963 ) - Mar ( 4D6172 ) 1 
3 Ric ( 526963 ) - Mic ( 4D6963 ) 1 
? ? ? ? ? ? ? ? : 

45 
A next endpoint _ count for “ Delta ” dimension may be 5 . Bin 602e = 280 people spent 19 . 20 - to 22 hours on meet 

determined as 1 . For Mic ( 4D6963 ) - Mar ( 4D6172 ) = 7F1 and ings . 
Ric ( 526963 ) - Mic ( 4D6963 ) = 500000 , an average between For March all 4 bins are equi - depth to a 400 row count 
both deltas is 283F8 and therefore a very rough approxima ( i . e . , 400 people per bin ) and therefore 4 bins multiplied by 
tion may be a next endpoint equaling Ric ( 526963 ) + 30 a 400 row count equals 1600 total people as follows : 
283F8 = 54ED5B = " T * * ” . 1 . Bin 604a = 400 people spent 15 - 18 hours on meetings . 

FIGS . 6 , 7 , and 8 illustrate an implementation example 2 . Bin 604b = 400 people spent 19 hours on meetings . 
describing a method for forecasting height balanced histo - 3 . Bin 604c = 400 people spent 20 hours on meetings . 
grams 600 , in accordance with embodiments of the present . 4 . Bin 604d = 400 people spent 21 - 24 hours on meetings . 
invention . In order to forecast height balanced histograms Based on the preceding histograms , it is determined that 
600 ( in FIG . 7 ) , the following attributes are retrieved : in February there were 5 bins in contrast with 4 bins found 

In order to forecast height balanced histograms those 3 in January and March . For example , the SVM algorithm has 
discussed attributes may be disclosed : predicted 4 bins for April and therefore all the January , 
1 . A minimum and maximum target value range configured 60 February , and March histograms should be normalized to 4 

to use lower and upper boundaries for providing a trend bins . The only histogram with more than 4 bins is February 
across time . and therefore in the transformation , only a number of bins 

2 . A differing number of possible target values comprising a and an equi - depth of bin must be changed as follows : 
number of bins to be normalized with respect to a SVM Original number of bins = 5 . 
prediction for the number of bins ( buckets or tiles ) . 65 Original number of row count per bin = 280 . 

3 . A target value trend where each dimension comprises an Total count = 5 * 280 = 1400 . 
associated trend thereby using an SVM algorithm . Transformed number of bins = 4 . 
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Transformed number of row count per bin = Total count / If database table statistics and historical statistical histo 
Transformed number of bins = 1400 / 4 = 350 . grams have not been previously retrieved then in step 930 , 
With respect to a transformed bin 602a , an entire original a database table is populated resulting in a statistical and 

bin 602a with 280 rows may be taken in combination with histogram update . In step 932 , the populated database table 
70 rows from the bin 602b to reach 350 rows . 70 out of 280 5 is scanned via a complete scan or a partial scan . In step 934 , 
rows from the bin 602b represents 70 / 280 = 25 % . Therefore database table statistics and histograms are calculated and 
25 % of the original bin 602b width is advanced in the x axis stored . The calculations may include calculating a number of 
( i . e . , 16 . 80 + 25 % of 0 . 8 = 17 ) . rows , a density of columns , a number of buckets ( i . e . , 

With respect to a transformed bin 602b , a remaining count histograms ) , etc . In step 914 , an SQL query is executed 
of the bin 602b with 210 rows may be taken in combination resulting in an estimation of cardinality using previously 
with 140 rows from the original bin 602c to reach 350 rows . stored database table statistics and histograms . Step 914 is 
140 out of 280 rows from the original bin 602c represents triggered by an SQL optimizer during an SQL query involv 
140 / 280 = 50 % . Therefore , 50 % of the original bin 6020 ing tables with previously collected statistics and histo 
width is advanced in the x axis ( i . e . , 17 . 60 + 50 % of 0 . 8 = 18 ) . 15 grams . In step 918 , the SQL optimizer generates a best SQL 

With respect to a transformed bin 602c , a remaining count access plan based on the estimation of step 914 . This 
of the bin 602c with 140 rows may be taken with 210 rows estimation is based on the previously collected statistics and 
from bin 602d to reach 350 rows . 210 out of 280 rows from histograms and provides the necessary information for a 
the bin 602d represents 210 / 70 = 75 % . Therefore , 75 % of the decision tree . 
bin 602d width is advanced in the x axis ( i . e . , 18 . 40 + 75 % of 20 If database table statistics and historical statistical histo 
0 . 8 = 19 ) . grams have been previously retrieved then in step 902 , it is 

With respect to a transformed bin 602d , a remaining count determined if the historical histograms comprise frequency 
of the bin with 70 rows is taken in combination with 280 based histograms or height - balanced histograms . 
rows from the original bin 602d to reach 350 rows . 280 out If the historical histograms comprise frequency based 
of 280 rows from the original bin 602e represents 280 / 25 histograms then in step 922 , all historical target values of the 
280 = 100 % . Therefore , 100 % of the original bin 602e width histograms are identified . The historical target values must 
is advanced in the x axis ( i . e . , 19 . 20 + 100 % of 0 . 8 = 20 ) be listed and each target value reveals a single dimension . In 
thereby completing the process . step 924 , new target values associated with the historical 

FIG . 7 illustrates the transformation of FIG . 6 with respect target values are forecast . The new target values are forecast 
to bins 602a . . . 602e ( for February ) being normalized to 30 ed to 30 by determining values crossing historical lower and upper 

boundaries . Additionally , the new target values may be bins 7020 . . . 702d , in accordance with embodiments of the identified and revealed by analyzing a delta trend provided present invention . by a SVM algorithm . In step 926 , a value identifying a FIG . 8 illustrates predictive histograms 800 generated number of occurrences for identified target values compris from histograms 600 and 700a of FIGS . 6 and 7 , in accor 35 ing new target values and historical target values are fore dance with embodiments of the present invention . Histo cast . Each identified target value ( e . g . , represented by a bin grams 800 illustrate predicted histogram 802 ( i . e . , for the in the histogram ) comprises a specified dimension . Each 
month of March ) generated from histograms 600 and nor specified dimension may comprise an associated trend iden 
malized histograms 700a ( i . e . , for the month of February ) . tified by the SVM algorithm . In step 928 , database table 

The following example pseudo language program com - 40 histograms comprising the identified target values are stored 
prises a blueprint associated with a histogram _ x comprising and steps 914 and 918 are executed as described , supra . 
an original histogram and a bins _ count _ y comprising a If the historical histograms comprise height - balanced 
number of bins to normalize the histogram _ x : histograms then in step 904 , historical endpoint values 

associated with the historical statistical histograms are iden 
45 tified . The historical endpoint values may be identified by 

function normalized _ histogram ( histogram _ x , bins _ count _ y ) { determining values crossing lower and upper boundaries factor = histogram _ x . bins _ count 
start _ point = histogram _ _ x . start _ point thereby providing a trend across time . The trend may be 

for each bin _ x in histogram _ x { identified by an SVM algorithm . In step 906 , differing bins 
bin _ x _ fraction = ( bin _ x . end _ point - bin _ x . start _ point ) / ( of the historical statistical histograms ) are normalized to a 
bins _ count _ y 50 common number of bins . For example , table partition his while bins _ count _ y > = factor { 
end _ point = bin _ x . start _ point + ( bin _ x _ fraction * factor ) tograms or historical histograms of a same table may include 
normalized _ histogram . add _ bin ( start _ point , end _ point ) a different number of bins . Therefore it may be necessary to 
start _ point = end _ point normalize each table partition histogram or historical histo 
factor = factor + histogram _ x . bins _ count gram to a common number of bins . In step 908 , future 

factor = factor – bins _ count _ y endpoint values associated with each bin of the common 
number of bins are forecast based on the historical endpoint 

return normalized _ histogram values . Each dimension may include an associated trend 
thereby using a SVM algorithm . In step 910 , a value 
identifying a number of occurrences of the future endpoint 

FIG . 9 illustrates a flowchart detailing a process enabled 60 values within each bin is forecast . Each bin may include a 
by system 400 of FIG . 4 for forecasting histograms based on similar number of occurrences but due to the fact the 
database table statistics and historical statistical histograms endpoint values may include " popular " values , a number of 
associated with specified subject matter that has been pre occurrences within each bin may vary and a SVM algorithm 
viously retrieved , in accordance with embodiments of the may be applied to identify this trend . In step 928 , database 
present invention . In step 900 , it is determined if database 65 table histograms comprising the identified target values are 
table statistics and historical statistical histograms have been stored and steps 914 and 918 are executed as described , 
previously retrieved . supra . 
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FIG . 10 illustrates a computer system 90 ( e . g . , database programming languages . The computer readable program 
computing system 402 of FIG . 4 ) for forecasting histograms instructions may execute entirely on the user ' s computer , 
based on database table statistics and historical statistical partly on the user ' s computer , as a stand - alone software 
histograms associated with specified subject matter that has package , partly on the user ' s computer and partly on a 
been previously retrieved , in accordance with embodiments 5 remote computer or entirely on the remote computer or 
of the present invention . server . In the latter scenario , the remote computer may be 

Aspects of the present invention may take the form of an connected to the user ' s computer through any type of 
entirely hardware embodiment , an entirely software embodi - network , including a local area network ( LAN ) or a wide 
ment ( including firmware , resident software , micro - code , area network ( WAN ) , or the connection may be made to an 
etc . ) or an embodiment combining software and hardware 10 external computer ( for example , through the Internet using 
aspects that may all generally be referred to herein as a an Internet Service Provider ) . In some embodiments , elec 
“ circuit , " " module , " or " system . ” tronic circuitry including , for example , programmable logic 

The present invention may be a system , a method , and / or circuitry , field - programmable gate arrays ( FPGA ) , or pro 
a computer program product . The computer program prod grammable logic arrays ( PLA ) may execute the computer 
uct may include a computer readable storage medium ( or 15 readable program instructions by utilizing state information 
media ) having computer readable program instructions of the computer readable program instructions to personalize 
thereon for causing a processor to carry out aspects of the the electronic circuitry , in order to perform aspects of the 
present invention . present invention . 

The computer readable storage medium can be a tangible Aspects of the present invention are described herein with 
device that can retain and store instructions for use by an 20 reference to flowchart illustrations and / or block diagrams of 
instruction execution device . The computer readable storage methods , device ( systems ) , and computer program products 
medium may be , for example , but is not limited to , an according to embodiments of the invention . It will be 
electronic storage device , a magnetic storage device , an understood that each block of the flowchart illustrations 
optical storage device , an electromagnetic storage device , a and / or block diagrams , and combinations of blocks in the 
semiconductor storage device , or any suitable combination 25 flowchart illustrations and / or block diagrams , can be imple 
of the foregoing . A non - exhaustive list of more specific mented by computer readable program instructions . 
examples of the computer readable storage medium includes These computer readable program instructions may be 
the following : a portable computer diskette , a hard disk , a provided to a processor of a general purpose computer , 
solid state drive ( SDD ) , a random access memory ( RAM ) , a special purpose computer , or other programmable data pro 
read - only memory ( ROM ) , an erasable programmable read - 30 cessing device to produce a machine , such that the instruc 
only memory ( EPROM or Flash memory ) , a static random tions , which execute via the processor of the computer or 
access memory ( SRAM ) , a portable compact disc read - only other programmable data processing device , create means 
memory ( CD - ROM ) , a digital versatile disk ( DVD ) , a for implementing the functions / acts specified in the flow 
memory stick , a floppy disk , a mechanically encoded device chart and / or block diagram block or blocks . These computer 
such as punch - cards or raised structures in a groove having 35 readable program instructions may also be stored in a 
instructions recorded thereon , and any suitable combination computer readable storage medium that can direct a com 
of the foregoing . A computer readable storage medium , as puter , a programmable data processing device , and / or other 
used herein , is not to be construed as being transitory signals devices to function in a particular manner , such that the 
per se , such as radio waves or other freely propagating computer readable storage medium having instructions 
electromagnetic waves , electromagnetic waves propagating 40 stored therein comprises an article of manufacture including 
through a waveguide or other transmission media ( e . g . , light instructions which implement aspects of the function / act 
pulses passing through a fiber - optic cable ) , or electrical specified in the flowchart and / or block diagram block or 
signals transmitted through a wire . blocks . 

Computer readable program instructions described herein The computer readable program instructions may also be 
can be downloaded to respective computing / processing 45 loaded onto a computer , other programmable data process 
devices from a computer readable storage medium or to an ing device , or other device to cause a series of operational 
external computer or external storage device via a network , steps to be performed on the computer , other programmable 
for example , the Internet , a local area network , a wide area device or other device to produce a computer implemented 
network and / or a wireless network . The network may com - process , such that the instructions which execute on the 
prise copper transmission cables , optical transmission fibers , 50 computer , other programmable device , or other device 
wireless transmission , routers , firewalls , switches , gateway implement the functions / acts specified in the flowchart and / 
computers and / or edge servers . A network adapter card or or block diagram block or blocks . 
network interface in each computing / processing apparatus The flowchart and block diagrams in the Figures illustrate 
receives computer readable program instructions from the the architecture , functionality , and operation of possible 
network and forwards the computer readable program 55 implementations of systems , methods , and computer pro 
instructions for storage in a computer readable storage gram products according to various embodiments of the 
medium within the respective computing / processing device . present invention . In this regard , each block in the flowchart 

Computer readable program instructions for carrying out or block diagrams may represent a module , segment , or 
operations of the present invention may be assembler portion of instructions , which comprises one or more 
instructions , instruction - set - architecture ( ISA ) instructions , 60 executable instructions for implementing the specified logi 
machine instructions , machine dependent instructions , cal function ( s ) . In some alternative implementations , the 
microcode , firmware instructions , state - setting data , or functions noted in the block may occur out of the order noted 
either source code or object code written in any combination in the figures . For example , two blocks shown in succession 
of one or more programming languages , including an object may , in fact , be executed substantially concurrently , or the 
oriented programming language such as Smalltalk , C + + or 65 blocks may sometimes be executed in the reverse order , 
the like , and conventional procedural programming lan - depending upon the functionality involved . It will also be 
guages , such as the “ C ” programming language or similar noted that each block of the block diagrams and / or flowchart 
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illustration , and combinations of blocks in the block dia of the invention on a subscription , advertising , and / or fee 
grams and / or flowchart illustration , can be implemented by basis . That is , a service supplier , such as a Solution Inte 
special purpose hardware - based systems that perform the grator , could offer to allow users to forecast histograms 
specified functions or acts or carry out combinations of based on database table statistics and historical statistical 
special purpose hardware and computer instructions . 5 histograms associated with specified subject matter that has 

The computer system 90 illustrated in FIG . 10 includes a been previously retrieved . In this case , the service supplier 
processor 91 , an input device 92 coupled to the processor 91 , can create , maintain , support , etc . a computer infrastructure 
an output device 93 coupled to the processor 91 , and that performs the process steps of the invention for one or 
memory devices 94 and 95 each coupled to the processor 91 . more customers . In return , the service supplier can receive 
The input device 92 may be , inter alia , a keyboard , a mouse , 10 payment from the customer ( s ) under a subscription and / or 
a camera , a touchscreen , etc . The output device 93 may be , fee agreement and / or the service supplier can receive pay 
inter alia , a printer , a plotter , a computer screen , a magnetic ment from the sale of advertising content to one or more 
tape , a removable hard disk , a floppy disk , etc . The memory third parties . 
devices 94 and 95 may be , inter alia , a hard disk , a floppy While FIG . 10 shows the computer system 90 as a 
disk , a magnetic tape , an optical storage such as a compact 15 particular configuration of hardware and software , any con 
disc ( CD ) or a digital video disc ( DVD ) , a dynamic random figuration of hardware and software , as would be known to 
access memory ( DRAM ) , a read - only memory ( ROM ) , etc . a person of ordinary skill in the art , may be utilized for the 
The memory device 95 includes a computer code 97 . The purposes stated supra in conjunction with the particular 
computer code 97 includes algorithms ( e . g . , the algorithm of computer system 90 of FIG . 10 . For example , the memory 
FIG . 9 ) for forecasting histograms based on database table 20 devices 94 and 95 may be portions of a single memory 
statistics and historical statistical histograms associated with device rather than separate memory devices . 
specified subject matter that has been previously retrieved . While embodiments of the present invention have been 
The processor 91 executes the computer code 97 . The described herein for purposes of illustration , many modifi 
memory device 94 includes input data 96 . The input data 96 cations and changes will become apparent to those skilled in 
includes input required by the computer code 97 . The output 25 the art . Accordingly , the appended claims are intended to 
device 93 displays output from the computer code 97 . Either encompass all such modifications and changes as fall within 
or both memory devices 94 and 95 ( or one or more addi the true spirit and scope of this invention . 
tional memory devices Such as read only memory device 
96 ) may include the algorithms of FIG . 9 and may be used What is claimed is : 
as a computer usable medium ( or a computer readable 30 1 . A histogram forecasting method comprising : 
medium or a program storage device ) having a computer determining , by a computer processor of a database 
readable program code embodied therein and / or having system , that a plurality of database table statistics and 
other data stored therein , wherein the computer readable historical statistical histograms associated with speci 
program code includes the computer code 97 . Generally , a fied subject matter have been previously retrieved ; 
computer program product ( or , alternatively , an article of 35 retrieving , by said computer processor from a historical 
manufacture ) of the computer system 90 may include the statistical histogram database , said plurality of database 
computer usable medium ( or the program storage device ) . table statistics and said historical statistical histograms 

In some embodiments , rather than being stored and associated with said specified subject matter ; 
accessed from a hard drive , optical disc or other writeable , determining , by said computer processor , that said his 
rewriteable , or removable hardware memory device 95 , 40 torical statistical histograms comprise frequency based 
stored computer program code 84 ( e . g . , including the algo histograms ; 
rithms of FIG . 9 ) may be stored on a static , nonremovable , identifying , by said computer processor , historical target 
read - only storage medium such as a Read - Only Memory values associated with said historical statistical histo 
( ROM ) device 85 , or may be accessed by processor 103 grams ; 
directly from such a static , nonremovable , read - only 45 forecasting , by said computer processor , new target values 
medium 85 . Similarly , in some embodiments , stored com associated with said historical target values ; 
puter program code 84 may be stored as computer - readable forecasting , by said computer processor , a value identi 
firmware 85 , or may be accessed by processor 103 directly fying a number of occurrences for identified target 
from such firmware 85 , rather than from a more dynamic or values comprising said new target values and said 
removable hardware data - storage device 95 , such as a hard 50 historical target values ; 
drive or optical disc . storing , by said computer processor within said database 

Still yet , any of the components of the present invention system , database table histograms comprising said 
could be created , integrated , hosted , maintained , deployed , identified target values ; and 
managed , serviced , etc . by a service supplier who offers to executing , by said computer processor based on said 
forecast histograms based on database table statistics and 55 database table histograms comprising said identified 
historical statistical histograms associated with specified target values , a database partition scan providing accu 
subject matter that has been previously retrieved . Thus the rate feedback to a data mining algorithm being 
present invention discloses a process for deploying , creating , executed for allocating optimized storage space of said 
integrating , hosting , maintaining , and / or integrating com database system with respect to partitions of said 
puting infrastructure , including integrating computer - read - 60 database system . 
able code into the computer system 90 , wherein the code in 2 . The method of claim 1 , further comprising : 
combination with the computer system 90 is capable of retrieving , by said computer processor reading a full set of 
performing a method for forecasting histograms based on said historical statistical histograms , said historical 
database table statistics and historical statistical histograms target values . 
associated with specified subject matter that has been pre - 65 3 . The method of claim 1 , further comprising : 
viously retrieved . In another embodiment , the invention predicting , by said computer processor , a delta trend 
provides a business method that performs the process steps comprising a rate of said new target values crossing a 

m 
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lower boundary and an upper boundary of a minimum 9 . The method of claim 7 , wherein said normalizing said 
and a maximum target value range of said historical differing bins comprises normalizing table histograms of 
statistical histograms . said historical statistical histograms to said common number 

4 . The method of claim 1 , wherein each historical target of bins . 
value of said historical target values reveals a single dimen - 5 10 . The method of claim 7 , wherein said normalizing said 
sion . differing bins comprises normalizing said historical statisti 

5 . The method of claim 1 , wherein each identified value cal histograms to said common number of bins . 
of said identified target values comprises a specified dimen 11 . The method of claim 7 , wherein each value of said 
sion comprising an associated trend identified by said com future endpoint values comprises a specified dimension 
puter processor executing a support vector machine ( SVM ) ( SVM 10 comprising an associated trend identified by said computer 

processor executing a support vector machine ( SVM ) algo algorithm . rithm . 6 . The method of claim 1 , further comprising : 12 . A database system comprising a memory and a providing at least one support service for at least one of computer processor coupled to said memory , said memory 
creating , integrating , hosting , maintaining , and deploy - 15 comprising instructions that when executed by the computer 
ing computer - readable code in the computing system , processor implement a histogram forecasting method com 
said code being executed by the computer processor to prising : 
implement : said determining that said plurality of data determining , by said computer processor , that a plurality 
base table statistics and historical statistical histograms of database table statistics and historical statistical 
associated with said specified subject matter have been 20 histograms associated specified subject matter have 
previously retrieved , said retrieving , said determining been previously retrieved ; 
that said historical statistical histograms comprise fre retrieving , by said computer processor from a historical 
quency based histograms , said identifying , said fore statistical histogram database , said plurality of database 
casting said new target values , said forecasting said table statistics and said historical statistical histograms 
value , and said storing . associated with said specified subject matter ; 

7 . A histogram forecasting method comprising : determining , by said computer processor , that said his 
determining , by a computer processor of a database torical statistical histograms comprise frequency based 

system , that a plurality of database table statistics and histograms ; 
historical statistical histograms associated with speci identifying , by said computer processor , historical target 
fied subject matter have been previously retrieved ; values associated with said historical statistical histo 

grams ; retrieving , by said computer processor from a historical 
histogram database , said plurality of database table forecasting , by said computer processor , new target values 

associated with said historical target values ; statistics and said historical statistical histograms asso forecasting , by said computer processor , a value identi ciated with said specified subject matter ; fying a number of occurrences for identified target determining , by said computer processor , that said his values comprising said new target values and said torical statistical histograms comprise height balanced historical target values ; based histograms ; storing , by said computer processor within said database 
identifying , by said computer processor , historical end system , database table histograms comprising said 
point values associated with said historical statistical 40 identified target values ; and 
histograms ; executing , by said computer processor based on said 

normalizing , by said computer processor , differing bins of database table histograms comprising said identified 
said historical statistical histograms to a common num target values , a database partition scan providing accu 
ber of bins ; rate feedback to a data mining algorithm being 

forecasting , by said computer processor based on said 45 executed for allocating optimized storage space of said 
historical endpoint values , future endpoint values asso database system with respect to partitions of said 
ciated with each bin of said common number of bins ; database system . 

forecasting , by said computer processor , a value identi 13 . The database system of claim 12 , wherein said method 
fying a number of occurrences of said future endpoint fving a number of occurrences of said future endpoint further comprises : 
values within each said bin ; 50 retrieving , by said computer processor reading a full set of 

storing , by said computer processor within said database said historical statistical histograms , said historical 
system , database table histograms comprising said target values . 

14 . The database system of claim 12 , wherein said method future endpoint values ; and further comprises : executing , by said computer processor based on said , 55 predicting , by said computer processor , a delta trend database table histograms comprising said future end comprising a rate of said new target values crossing a point values , a database partition scan providing accu lower boundary and an upper boundary of a minimum rate feedback to a data mining algorithm being and a maximum target value range of said historical executed for allocating optimized storage space of said statistical histograms . 
database system with respect to partitions of said 60 15 . The database system of claim 12 , wherein each 
database system . historical target value of said historical target values reveals 

8 . The method of claim 7 , wherein said identifying said a single dimension . 
historical endpoint values comprises : 16 . The database system of claim 12 , wherein each 

determining a trend pattern associated with specified identified value of said identified target values comprises a 
attributes of said historical statistical histograms , 65 specified dimension comprising an associated trend identi 
wherein said specified attributes comprise a minimum fied by said computer processor executing a support vector 
and a maximum target value range . machine ( SVM ) algorithm . 

I his . 35 
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17 . A computer program product , comprising a computer determining , by said computer processor , that a plurality 
readable hardware storage device storing a computer read of database table statistics and historical statistical 
able program code , said computer readable program code histograms associated with specified subject matter 
comprising an algorithm that when executed by a computer have been previously retrieved ; 
processor of a database system server implements a histo - 5 retrieving , by said computer processor from a historical 
gram forecasting method , said method comprising : histogram database , said plurality of database table determining , by said computer processor , that a plurality statistics and said historical statistical histograms asso 

of database table statistics and historical statistical ciated with said specified subject matter ; histograms associated with specified subject matter determining , by said computer processor , that said his have been previously retrieved ; torical statistical histograms comprise height balanced retrieving , by said computer processor from a historical 
statistical histogram database , said plurality of database based histograms ; 
table statistics and said historical statistical histograms identifying , by said computer processor , historical end 
associated with said specified subject matter ; point values associated with said historical statistical 

determining , by said computer processor , that said his - 15 histograms ; 

torical statistical histograms comprise frequency based normalizing , by said computer processor , differing bins of 
histograms ; said historical statistical histograms to a common num 

identifying , by said computer processor , historical target ber of bins ; 
values associated with said historical statistical histo forecasting , by said computer processor based on said 
grams ; 20 historical endpoint values , future endpoint values asso 

forecasting , by said computer processor , new target values ciated with each bin of said common number of bins ; 
associated with said historical target values ; forecasting , by said computer processor , a value identi 

forecasting , by said computer processor , a value identi fying a number of occurrences of said future endpoint 
values within each said bin ; fying a number of occurrences for identified target 

values comprising said new target values and said 25 storing , by said computer processor within said database 
historical target values ; system , database table histograms comprising said 

future endpoint values ; and storing , by said computer processor within said database 
system , database table histograms comprising said executing , by said computer processor based on said 
identified target values ; and database table histograms comprising said future end 

executing , by said computer processor based on said 30 point values , a database partition scan providing accu 
database table histograms comprising said identified rate feedback to a data mining algorithm being 
target values , a database partition scan providing accu executed for allocating optimized storage space of said 
rate feedback to a data mining algorithm being database system with respect to partitions of said 
executed for allocating optimized storage space of said database system . 
database system with respect to partitions of said 35 21 . The computer program product of claim 20 , wherein 
database system . said identifying said historical endpoint values comprises : 

18 . The computer program product of claim 17 , wherein determining a trend pattern associated with specified 

said method further comprises : attributes of said historical statistical histograms , 
retrieving , by said computer processor reading a full set of wherein said specified attributes comprise a minimum 

said historical statistical histograms , said historical 40 and a maximum target value range . 
target values . 22 . The computer program product of claim 20 , wherein 

said normalizing said differing bins comprises normalizing 19 . The computer program product of claim 17 , wherein 
said method further comprises : table histograms of said historical statistical histograms to 

predicting , by said computer processor , a delta trend said common number of bins . 
23 . The computer program product of claim 20 , wherein comprising a rate of said new target values crossing a 45 

lower boundary and an upper boundary of a minimum said normalizing said differing bins comprises normalizing 
and a maximum target value range of said historical said historical statistical histograms to said common number 
statistical histograms . of bins . 

20 . A computer program product , comprising a computer 24 . The computer program product of claim 20 , wherein 
readable hardware storage device storing a computer read - 50 % each value of said future endpoint values comprises a 
able program code , said computer readable program code specified dimension comprising an associated trend identi 

fied by said computer processor executing a support vector comprising an algorithm that when executed by a computer 
processor of a database system server implements a histo machine ( SVM ) algorithm . 
gram forecasting method , said method comprising : * * * * * 


